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UBGRADE soil profiles, the importance of which 

with respect to road construction is discussed in this 

report, are studied and mapped in the field accord- 
ing to procedures suggested by the-pedologist. How- 
ever, the highway engineer is interested only in those 
| soil properties upon which the service ability of pave- 
ments depend. Some of these properties are often of 
' minor significance in an agricultural sense. In other 
cases the scale adopted in the publication of reports of 
agricultural soil surveys is too small to show all of them. 
| 





For this reason attention in field and laboratory is di- 
rected specifically to those properties which are im- 
portant in road construction. The final map of the 
subgrade soil profile discloses those engineering proper- 
ties of soils which are determined by laboratory tests, 
as well as those physical characteristics which are iden- 
t tified by the soil scientist. 

Information furnished by the soil scientist which 
assists the engineer both in the study of subgrade pro- 
files and in the interpretation of existing soil data is 
contained in the reports listed in the attached bibliog- 


raphy. 
THE SOIL PROFILE DESCRIBED 


| According to Dr. C. F. Marbut (1) the soils of the 
United States may be divided into two large cate- 
gories: (1) Pedalfers and (2) pedocals. The pedalfers 
are soils that tend to accumulate iron and aluminum 
and have no horizon? of lime carbonate accumulation, 
even if the soils have limestone as parent material. The 
accumulation of lime carbonate and other salts is a 
characteristic feature of pedocals. This discussion is 
based on studies covering a wide range of pedalfer and 
a few pedocal soil types established by the Bureau of 
Chemistry and Soils. 

_ A vertical section of the weathered soil layers, having 
different characteristics though uniformly weathered 
within themselves, is known as the soil profile. In soil 
technology the term ‘“‘soil profile’? applies to the 
weathered layers which constitute what is known as 
the solum and the material immediately underlying it. 
In the well-drained upland soils of the humid region 
the solum is ordinarily less than 10 feet in thickness 
and is usually composed of a lighter-textured upper and 
a heavier-textured lower layer, both of which may have 
sublayers. 

A soil type is the soil unit and is as definite an object 
as any other classified object, animal, or plant, and 
always presents approximately the same physical char- 
acteristics (5, 6). A soil series is a group of soil types 
that have profiles uniform in all respects except the 
texture of the surface layer. 

~ Practically all modern soil research is conducted upon 
the basis of the soil-type profile. There is no desire to 
create the impression that every soil type or soil layer 
differs widely from all other soil types or soil layers; 














1 Italic figures in parentheses refer to the reports listed 1n the bibliography. 

2 1n standard soil descriptions for humid regions the light-textured surface layer is 
designated the A horizon, the underlying heavier-textured layer as the B horizon, and 
the third layer, consisting of the unweathered or incompletely weathered geological 
formation, as the C horizon. The A and B horizons constitute the real soil profile, the 
Solum horizon of Frosterus, while the C horizon is part of the parent geological forma- 
tion not made significantly lighter or heavier in texture by sajl-making processes. An 
horizon may have subhorizons such as Au, Ag, etc. For highway purposes, the various 
layers are numbered consecutively from the surface down without designating any 
horizon. For example, instead of layers A1, Ao, B, etc., we have layers 1, 2, 3, ete. 
Some soil surveyors designate these layers as zone 1, zone 2, zone 8, etc. 
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THE SOIL PROFILE AND THE SUBGRADE’ SURVEY 


Reported by W. I. WATKINS, Assistant Soil Surveyor, U. S. Bureau of Stara SS Soils, and HENRY AARON, Assistant Highway Engineer, U. S. Bureau 
of Public Roads 


but it is believed that the method of classification based 
on soil types furnishes the most economical basis for 
studying soils and utilizing the information obtained 
for any given purpose. After the properties or be- 
havior of the layers of a soil type are once determined 
the data obtained will be immediately and continuously 
available and may be of use in connection with studying 
any branch of science in any way pertaining to soil, 
such as agriculture, erosion, corrosion, drainage, road 
construction, andsoon. Such information is applicable 
wherever the soil type from which the information was 
obtained is found. The behavior of soil layers common 
to the individual soil types of a soil series or of a closely 
related soil series may thus be ascertained by deter- 
mining the behavior of such a common layer in one or 
more of the closely related soil types. Additional dis- 
cussion of the soil profile is contained in a report by 
Joffe (2). Figures 1 to 4, inclusive, illustrate the char- 
acter of the material encountered in the determination 
of soil profile. 


SOIL PROFILE AS RELATED TO ROAD CONSTRUCTION 


One can readily understand that the. characteristics 
of the soil profile control percolation, capillarity, seep- 
age—in fact, all internal water movement except that 
influenced by nonsoil agencies, such as animal burrows, 
root holes, etc. The influence of the soil layers on the 
nature of water movement will change if the soil is in 
any way disturbed. The degree of change will depend 
on the extent to which the natural characteristics are 
destroyed. The resistance to change of the natural 
characteristics and the’ subsequent effect on soil be- 
havior are governed largely by the relative amounts of 
silt and colloids, and the chemical composition of the 
colloids (7). Certain other constituents such as dia- 
toms and mica flakes have a decided influence upon the 
physical behavior of a soil (8). The soil characteristics, 
their descriptive terms, and the influence they may 
have on subgrade soil behavior are summarized in the 
following paragraphs: 

Texture.—For sand or sandy loams: Coarse, medium, 
fine, very fine. Other soils classified by texture as loam, 
silt loam, clay loam, silty clay loam, clay. May reflect 
plasticity, density, slumping, porosity, expansion, con- 
traction, capillarity, susceptibility to compaction, elastic- 
ity, percolation, water absorption, erosion, structure. 

Color.—Black, red, brown, yellow, drab, gray, 
mottled. May reflect organic content, oxidation, 
leaching, chemical content, structure, erosive qualities. 

Structure.—Buckshot, granular, columnar, cloddy, 
crumb, adobe, dense, massive, laminated, nut, mealy, 
structureless. May reflect capillarity, percolation, 
porosity, water absorption, internal drainage, bulking 
on being disturbed, susceptibility to compaction, 
elasticity. 

Consistency.—Brittle, hard, compact, tough, tena- 
cious, sticky, plastic, cheesy, friable, mellow, loose. 
May reflect capillarity, percolation, porosity, water 
absorption, internal drainage, bulking, compactibility, 
elasticity, supporting power. 

Compactness.—Clay pan, hardpan; soils also classi- 
fied by degree of compaction. May give idea of bulk- 
ing, internal water movement, degree of support. 
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Cementation.—Classified by cementing material and 
degree of cementation. May give idea of bulking, 
internal water movement, degree of support. 

Chemical composition.—significant chemicals are 
iron, calcium, concretions, alkali, sesquioxides, ex- 
changeable bases, pH value. May affect structure, 
adhesiveness, friability, plasticity, drainage and water 
movement, formation of hardpans, expansion, con- 
traction, water retention, heat of wetting. 
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Sirt Loam SuHowina (1) 


Fieure 1.—Prorite or [REDELL 
LigHteER-TEXTURED Upper Soi Layer, (2) Heavy, 
Puastic, Sticky, WAxy Cuiay, AND (8) DecomposED Rock 


Organic content classified by kind of material and 
degree of decomposition; influences water absorption, 
temperature, firmness, stability, compactibility and 
springiness. 

In nonalkali soils the percentage of colloids and their 


chemical composition are probably the most important - 


factors controlling such soil characteristics as consistency, 
structure, and porosity. This is especially true of the 
silica sesquioxide ratio. Soils containing colloids with 
a low silica sesquioxide ratio, i. e., colloids high in the 
sesquioxides of iron and aluminum and low in the 
oxides of silica, shrink and expand but slightly at 
extremes of moisture content, are not very plastic or 
excessively sticky, and are more friable, more porous, 
and less plastic than soils containing an equal amount 
of colloids with a high silica sesquioxide ratio (9, 10). 
Some highly colloidal clays of low sesquioxide ratio 
make better road subgrades than other soils containing 
less colloids with a high silica sesquioxide ratio (17). 
Texture has usually been taken as an index of the 
rate of percolation, but structure is now considered of 


equal or greater importance (12), and the destruction 
of the natural structure may increase or decrease the 
rate of percolation. The variability in percolation 
rates of the various soil layers or soil material causes and 
controls seepage or lateral water movement. Seepage 
develops when the amount of water percolating through 
any one soil layer exceeds the percolating rate of that 
below. The amount of lateral movement is governed 
by the amount of water and differences in rate of perco- 





FIGURE 2.—PROFILE OF LEONARDTOWN Sitt Loam SHOWING 
(1) GrayisH Brown GRANULAR Sitt Loam, (2) Brown, 
GRANULAR Sitty Cray Loam, (8) Gray, Compact, SANDY 


Harppan, (4) Tor FRIABLE Chay, AND (5) THE Compact 
CLAY 
lation. It will be seen that water movement depends 


not only on the character of any particular layer but also 
on its relation to other associated layers and the effect of 
local climatic conditions. A silt loam may block or 
retard percolation in a soil profile where the silt is over- 
lain by sands or may act as a water carrier if underlain 
by compacted sands or clays. In some soil profiles clay 
layers may act as water carriers if underlain by denser, 

less pervious layers. Stratified soils, dense clays, and 
hardpans are frequently causes of seepage. Silts, sands, 
and gravels are the most prolific carriers. Cleavage 





Fiaurr 3.—Roap Cur Turouaa A BED OF STRATIFIED SANDS 


AND GRAVELS IN GuActAL Drirt. Notick How GRAVEL 
Deposit Enos Aprupriy at Riaur or PHoToGRAPH 


planes in geological materials are also channels for 
lateral water movement. Figure 5 shows cleavage 
planes in shale. The soil profile discloses these water- 
carrying layers in the field. Through its control of 
water movement, the soil profile furnishes a basis for 
the design of drains. The proper location of drains 
with respect to the soil profile is illustrated in Figure 6. 

The study of soil profiles has shown frost boils to be 
confined to certain soil materials or soil layers by them- 
selves, or in combination with other soil materials or 
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Figure 4.—A Cut THrouGH CoLuineton Loam. THE 
MATERIAL OUTLINED IN THE LOWER PART OF THE 
PHotoararH Contains Diatoms, Is Porous AND 
Licut 1n WerGcutT IN Its NaturAL ConpiTIon, Houps 
ENorMovus AMOUNTS OF WaTER, Has LitrLEe STABIL- 
a WueEn Wer anv Is DISTINGUISHED BY A SOAPY 

EEL 


layers possessing certain definite characteristics. These 
studies have shown the very fine sands, silt loams, and 
silty clay loams having little or no apparent soil struc- 
ture to be the greatest sources of frost boils where these 
soils or soil materials are found associated with water 
carriers or where they act as water carriers themselves. 
In New Hampshire, for example, frost boils were found 
to be associated mainly with stratified silty clay loams 
and very fine sandy loams that retarded percolation or 
had seepage characteristics, and carried the water into 
the subgrade, where it froze. 

In Minnesota frost boils are found to occur most 
frequently in soil material having no readily determina- 
ble structure, and vary in degree of severity depending 
on the soil material and source of water. The more 
variable the soil and the more water available, the more 
severe the frost boil development. The extremely vari- 
able glaciated soil materials of this region probably 
develop the most severe heaving. Less severe heay- 
ing occurs in the structureless loessial soil material of 
southeastern Minnesota. Figure 7 is a diagrammatic 
illustration of a frost boil and its relation to the soil 
profile of a glaciated soil, while Figure 8 shows the same 
for aloessial soil. These drawings represent actual cases. 

This structureless loessial soil material is a silt loam 
containing a high percentage of very fine sand, has a high 
water-holding capacity, is unstable when wet, and has a 
texture likely to produce maximum active capillarity. 
The material is underlain by a heavy, slightly pervious 
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clay that restricts percolation and causes a water table 
to develop just above the clay. This water table may 
supply the water to the road surface by capillarity. 

Capillarity is controlled by structure and density as 
well as by texture. The soil types overlying the loessial 
soil material seldom develop frost boils if in their 
natural condition, but if disturbed and used ‘as fill in 
poorly drained areas are likely to become soft during the 
spring, as silty soils do not have resistant structure and 
are likely to have more active capillarity when the 
structure is destroyed. 









FiaureE 5.—STRATIFICATIONS IN SHALE. THE CoNntTAcT 
PLANES BETWEEN THE DIFFERENT SHALE STRATA ARB 
PoTENTIAL PLANES oF WATER SEEPAGE 


The soil profile offers a means for the study of the 
design and construction of fills and back slopes in 
different soil types and under different drainage con- 
ditions. With a knowledge of the physical character- 
istics of the various layers of the soil profile, the sta- 
bility of the different layers in place or when combined 
in fill may be determined. This information will 
establish the slope of fills and back slopes which will 
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MORE OR LESS, 
POROUS 


22" WATER BEARING STRATUM <~— aoa cee ‘ii ANN 
Zo K eae Kt 
ATT \ 
Figure 6.—Drains SHOULD EXTEND THROUGH THE ENTIRE 


DEPTH OF THE PERVIOUS LAYER AND INTO THE IMPERVIOUS 
LAYER 





have to conform to the layer or material having the 
smallest angle of repose; or remedies will have to be 
adopted to increase its angle of repose. There is a 
possibility of establishing fairer grading contracts 
through a knowledge of the amount of the various soils 
or soil materials which are to be moved, as such data 
make possible a closer estimate of the cost of handling. 

The characteristics of a soil and its value as a sub- 
gerade under different conditions are directly reflected in 
the condition of the road surface. Rigid pavements 
are affected by inequalities of subgrade support. Non- 
rigid pavements are chiefly affected by low road sup- 
porting power. Studies have shown that the subgrade 
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Fiaurre 7.—Frost Bort In GuactIATED Soin MATERIALS 


soil exerts important influence upon the distance 
between transverse cracks in concrete roads, and that 
excessive longitudinal cracking develops on definite 
layers of certain soil types. Other soil characteristics, 
such as swelling, affinity for water, rebound, etc., are 
detrimental to concrete before it sets as it is then a 
flexible pavement. Figures 9 and 10 show the relation 
which exists between the various soil zones of a soil 
type and the pavement condition. In addition to the 
effect of the soil itself, these results are affected by 
climate, rainfall and temperature range. With a 
knowledge of these factors it is possible to control the 
effects on the pavement by subgrade preparation and 
slab design. The importance of the subgrade soil 
properties is especially observed in the performance of 
oil and gravel road surfaces, since a portion of the soil 
is incorporated with the surfacing material. By using 
the soil profile as a basis for correlating the different 
types of road deterioration or condition, it has been 
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Figure 8.—Frost Bort IN STRUCTURELESS SILT 


possible to determine under what conditions and upon 
what soil layer or soil material of a soil type the differ- 
ent kinds of road failures can be expected. 

The correlation of the condition of roads in service 
with the soil profile and the determination of the 
physical characteristics of the layers composing the 
profile as disclosed by laboratory tests form the basis 
for the grouping of subgrade soils according to per- 
formance. The success obtained by these correlation 
studies shows that the soil profile is a reliable, scientific, 
and economical means of approaching and solving sub- 
gerade soil problems. Furthermore, the soil profile 
offers a method for the practical application of sub- 
erade research to highway construction. 


DETERMINATION OF THE SOIL PROFILE 


The soil profile is determined by examining the soil 
in its natural field condition. This work is best ac- 
complished by examining excavations, road cuts, etc., 
but the method of using a soil auger is the most com- 
mon. There is no definite rule to follow in making 
these examinations, except that the soil should be 
examined at intervals close enough to determine the 
soil type and by borings deep enough to penetrate the 
more or less non-uniform layers of soil or soil material. 

According to Doctor Marbut (4) the examination of 
the soil section, after the locality has been determined 
upon, should proceed in a systematic way somewhat 
as follows: 

1. Texture.2A—The successive layers or horizons differ- 
ing in texture, or in fineness or coarseness of the ma- 
terial, should be carefully examined. The examination 
should extend to a depth of at least 5 or 6 feet. The 
texture of each layer and its thickness should be 
described. 
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Fiagure 9.—RELATION OF VARIOUS SoiL ZONES TO PAVE- 
MENT CONDITION 


2. Color.—The successive layers which can be differ- 
entiated according to differences in color, should be 
noted. Each layer should be described and its thick- 
ness given. . 

3. Structure—The several layers that differ accord- 
ing to structure should be examined carefully, struc- 
ture being defined as the kind and size of soil particle 
aggregation. Special note should be made of horizons 
with (a) fine granular structure (granules about the 
size of bird shot or smaller); (6) coarse granular struc- 
ture (granules ranging up to half an inch or more in 
diameter and usually more angular or irregular in shape 
than the granules making up the fine granular struc- 
ture); (c) layered or platy structure, in which the 
material splits into thin plates (not to be confused 
with stratification); (d) buckshot structure, in which 
the soil on drying breaks up into angular fragments 
(found to characterize heavy clays usually having a 


considerable percentage of lime); and (e) single-grain 


structure in which the material is like flour or sand 
with no aggregation of particles. 

4. Consistency.—A determination should be made of 
the successive layers or horizons differing in consistency 
(stickiness, friability, plasticity). A description of 
each should be given and its thickness noted. 

5. Compactness—The relative compactness of the 
several layers should be determined, as measured by 
the degree of resistance to the penetration of a pointed 
instrument. 

6. Cementation—It should be determined whether 
or not resistance to penetration is due in any horizon to 





3 The terms used by the pedologist in describing the various layers of the soil profile 
are defined in Appendix A of this report. 








in the soil and not that lying on the soil. 
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cementation. If so, the probable cementing material 
(light colored or reddish, very strongly cemented or 
weakly cemented) should be ascertained. 

7. Chemical composition.— While the determination of 
the chemical composition of the various parts of the 
soil section or profile can not be performed in the field 
by the usual field methods, there are certain features 
that may be determined in at least a qualitative way. 
Field examination can detect the presence of horizons 
with concentrations of organic matter or of salts of the 
alkalies and alkaline earths. 

The organic matter referred to here is that contained 
Of this there 
are two kinds to be looked for. (a) The organic matter 
in the surface soil is recognized by the dark color, and 
the approximate relative percentage present is indicated 
by the intensity of the dark color. The determination 
of the thickness of the dark-colored layer in the virgin 
soil is very important. (b) In some soils, usually con- 
fined to regions with a cool, moist climate, there is 
present, at a depth ranging from 6 inches or less to 
somewhat more than a foot, a layer of brown or coffee- 
brown organic matter forming a film 6 or 8 inches in 
thickness. 

The salts of the alkalies and alkaline earths accumu- 
late in the soil under favorable conditions. Since the 
work here contemplated is general and the soil charac- 
teristics dealt with are those of wide regional distribu- 
tion, we may practically neglect all salts except the 
carbonate of lime. The more soluble salts constituting 
what is usually known as “alkali”? are present in 
relatively small areas and may be neglected, or the soils 
in which they occur may be designated merely as 
alkali soils. 

Horizons of lime carbonate accumulation may be 
identified readily by anyone and should be looked for 
where the rainfall is less than 17 to 18 inches per year in 
cool to cold climates and 30 inches per year in hot or 
very warm climates. The unweathered material be- 
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neath the soil in any region, arid, subhumid, or humid 
may have a high percentage of lime carbonate, but 
such material should not be confused with the horizon 
of true lime carbonate accumulation. 

Sesquioxides accumulate in the soil under favorable 
conditions. Since accumulations of aluminum hydrox- 
ide are not readily identified by the usual field methods 
these may be left out of consideration. We are con- 
cerned, therefore, with accumulations of iron oxides. 

Tron oxides occur in two forms: The first form consists 
of accumulations of finely divided or colloidal iron 
oxide (hydroxide). The degree of concentration may 
be determined, within a rather wide range of error, by 
the intensity of the red color. The existence of red 
horizons in the soil profile should be noted and should be 
illustrated with samples, even though they be small. 
The second type consists of accumulations of iron 
oxide concretions or large masses, usually porous or 
slaghke. This statement does not refer to ironstone 
slabs or ferruginous sandstone layers which may be 
found in many places in the parent geological forma- 
tions. The accumulations referred to here are to be 
found either in the B horizon or at the top of the C 
horizon. In hot countries they take the form of thick 
masses of porous slaglike iron oxide lying at depths 
ranging from somewhat less than 3 to more than 15 
feet. They may consist of fragments scattered over 
the surface. 

MAPPING THE SOIL PROFILE 

The detailed mapping of soil profiles is accomplished 
in the following manner: 

1. Vertical soil sections are examined at frequent 
intervals and classified into layers according to the 
method described above (4). The interval at which 
soil examinations are made depends on the uniformity 
of the soil examined. 

2. The limits of the various layers are plotted as 
shown in Figure 11, A, alternate numbers being used 
to indicate the layers. At test hole No. 1, the con- 
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secutive layers are numbered 1, 38, 5, etc., so as to 
allow the inclusion of any other layer which might 
enter the profile within the section mapped. At test 
hole No. 4, layer 2 is mapped between layers 1 and 3. 
This requires the examination of another test hole 
(No. 5), or perhaps several, between Nos. 3 and 4, to 
determine the horizontal limits of layer 2. 

3. The profile is completed by connecting the points 
marking the limits of the layers as shown in Figure 
Lis: 


DETAILS OF THE SUBGRADE SURVEY DESCRIBED 


The purpose of the subgrade survey is to furnish the 
engineer with significant information on the following 
subjects: 

1. The final location of the road both vertically and 
horizontally. 

2. The selection of suitable fill material. 

3. The design of the roadway section. 


4. The design and location of ditches, culverts, and. 


drains. 

5. The need for subgrade treatment and the type 
required. 

6. The selection of the type of road surface and its 
design. 

The subgrade survey consists of three parts: (a) The 
determination of the soil profile, (6) the determination 
of the physical properties of the soils included in the 
profile, and (c) the mapping of the profile in order to 
supply information important to road design. 

The determination of the physical properties of soils 
and soil materials and their grouping according to per- 
formance has been discussed in previous reports (8, 13). 

The method of making the subgrade survey depends 
on the type of information required. Two types of 
subgrade survey are made, (a) surveys to furnish in- 
formation with respect to roads in service, and (0) 
surveys to furnish information with respect to the design 


of new roads. 
EQUIPMENT 


The following equipment is required to make sub- 
orade surveys: 


One 3-foot soil auger and three 3-foot extensions as illustrated 
in Figure 12. 

Two small pipe wrenches. 

One light pick. 

One shovel. 

A supply of sample bags. 

A supply of tags for marking samples. 

A ball of twine. 

One engineer’s level. 

One hand level. 

One 12-foot level rod, three-section. 

One 100-foot metallic tape. 

One 12 by 15 inch strip of stiff cardboard. 

One roll of 20-inch cross-section paper, 10 divisions to the 
inch each way. 

Notebooks. 

A supply of survey stakes. 

One camera and supply of films. 

A supply of keel. 


SUBGRADE SURVEY TO OBTAIN INFORMATION REGARDING ROADS 
IN SERVICE 

The section for study having been selected, the pro- 
cedure is carried out in the following manner: 

1. The section is staked out, the original construc- 
tion stations being used if possible. Arbitrary stations 
will serve the purpose when it is not convenient to 
locate original stations. 

2. Cross-sections are taken every 50 feet along the 
center line or oftener if topography requires, and for a 
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distance of 150 feet on each side of the center line. 
Elevations are obtained with an engineer’s level to the 
nearest tenth of a foot. The accuracy of an engineer’s 
level is necessary for the construction of center-line 
and bank-line profiles, but a hand level is sufficiently 
accurate for the topography adjacent to the highway. 
An assumed elevation may be used as a bench mark. 
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Figure 11.—Exampue or Soi, Prorite Mappina, ILuus- 
TRATING THE DETERMINATION OF Limits OF INTERMEDIATE 
Layers By SUPPLEMENTARY BoRINGS 


3. A plan of the roadway is drawn, showing the type 
of pavement, type of failure, portion of roadway which 
is built over an older road, if any, and any special con- 
struction. <A scale of 50 feet to the inch is used. 

4. Cross-section notes are plotted to the same scale 
as the plan of roadway and contours are drawn in by 
interpolation. 

5. The bank-line profiles are drawn and the center- 
line profile is projected upon them, as well as the grade 
line of the preexisting road, if any. The horizontal 
scale is 50 feet to the inch. The vertical scale is 5 feet 
to the inch. Ordinary cross-section paper, 20 inches 
wide with 10 divisions to the inch each way, is the 
most convenient type of record sheet. Sheets are cut 
to a length of 30 inches, folded two ways and clamped 
to the sheet of stiff cardboard 12 inches wide and 15 
inches long. 

6. The soils are mapped and the profiles plotted 
according to the procedure outlined previously. The 
desired information is obtained and recorded in the 
following manner: ; 

a. The back slopes are scraped down so that the 
original undisturbed material is exposed and the limits 
of the various layers are plotted on the prepared profile 
sheet. This work is supplemented by soil-auger boring 
so that a profile is obtained to a depth of at least 3 to 
5 feet below the center-line grade. Any variations in 
moisture content are specially noted. The depth will 
vary with the uniformity of the soil layers or soil 
material. The elevations of the limits of the different 
layers in the exposed back slopes are obtained by means 
of a hand level, the elevation of the center line being 
used as a bench mark. 
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b. In a separate notebook each layer is described in 
detail according to the nomenclature of the committee 
on terminology (3). (See Appendix A.) The relative 
imperviousness or porosity is also recorded. 

c. Examinations of the soil are made every 50 feet or 
less, depending upon the uniformity of the profile. 
(See discussion of Figure 11.) 

d. On the plan of the roadway are plotted the limits of 
the various soil layers found directly under the surfacing 
material. When the roadway is cut through uniform 
layers of soil material, the limits are obtained by con- 
structing cross-sections from the bank-line profiles. 
When the roadway is constructed of fill material or 
cut through a heterogeneous soil material, the limits 
are determined by soil-auger borings in the shoulder. 

7. A 5-pound sample of soil from each layeris obtained 
from the exposed back slopes with a pick and shovel, 
placed in a canvas bag, tied securely, marked with 
proper identification, and shipped to the laboratory. <A 
sufficient number of samples are taken to determine the 
range in test results for what appears to be the same 
layer. 

8. Photographs are taken illustrating the condition of 
the pavement, the shoulders, the back slopes, the ditches, 
and the appearance of the soil layers. 

9. The data collected in the manner described above 
are analyzed, together with the laboratory test results, 
and information on the following subjects is developed: 

a. The relation that exists between the pavement 
condition, the field characteristics of the soil, and the 
physical properties of the soil as determined in the 
laboratory. 

_b. The possible reasons for failure. 

c. Possible curative measures for the case under 
examination. 

d. Preventive measures which may be applied in the 
future. 

A sample report of a subgrade survey of a road in 
service is given in Appendix B of this report to illustrate 
the above procedure. 


SUBGRADE SURVEY TO OBTAIN INFORMATION WITH RESPECT TO 
THE DESIGN OF A NEW ROAD 


Before starting a subgrade survey of this kind the 
engineer should make a study of all the existing informa- 
tion on the soil types in that vicinity. Wherever maps 
prepared by the Bureau of Soils* are available, they 
should be carefully studied, and the limits of the various 
soil types and their characteristics should be noted. 
It must be kept in mind that the detail to which such 
maps are carried is not particularly adapted to a sub- 
grade survey. Nevertheless they give a clear idea of 
the variations which will be encountered. Where this 
information is not available, a reconnaissance survey 
should be made of the soil materials on existing highways 
which parallel the new highway, noting the changes in 
soil as shown in exposed cuts. The notes should in- 
clude a description of each soil type according to the 
nomenclature of the committee on terminology. (3) 
The value of the information obtained from this rough 
survey lies in the fact that similar soil conditions may be 
expected to accompany similar topographic features. 

After this information has been digested the survey 
proceeds in the following manner: 

1. The profile of the ground line and the proposed 
grade line are constructed on the same type of sheet as 


4 The former Bureau of Soils is now a part of the Bureau of Chemistry and Soils. 








was specified for subgrade surveys of existing pave- 
ments. 

2. Borings are made with a soil auger at frequent 
intervals and each soil type is classified into layers, as 
described under the heading ‘‘Determination of the 
Soil Profile” (p.184). 

a. Spacing of borings——The spacing of the borings 
will vary with the uniformity of the profile and the 
topography. <A convenient interval, such as the even 
stations, may be assumed at the beginning. This 
interval may be varied under the following conditions: 
(1) If the profile is uniform, the interval may be in- 
creased. (2) When the character of the profile changes, 
intermediate borings should be made until it is 
clear that all variations have been mapped. (3) 
Where topography is rolling and grade changes rapidly 
from cut to fill, borings are necessary only in the cuts. 
(4) Where the original ground line or old road grade is 
to be covered with fill material, no examination is 
necessary except to determine the character of the 
support. If the fill material is to be obtained from 
borrow ditches along the road, the soil should be exam- 
ined to the entire depth of the borrow. 
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b. Depth of borings—The borings should generally 
be carried to a depth of at least 3 feet below the grade 
line. The depth may vary in accordance with the fol- 
lowing stipulations: (1) When the road lies within the 
uniform layers of the soil profile, the boring should 
extend down to the first layer below the ditch line 
which would block percolation, or through a pervious 
layer which would carry water. (2) When fill material 
is to be borrowed from ditches alongside the road, the 
boring should extend at least to the estimated depth of 
borrow. (3) In the study of frost action the borings 
should extend to the mean depth of frost in those soil 
materials showing a high affinity for frost accumulation 
(see p. 183) and in localities where high water tables 
prevail. 

c. When the located line is over an old road, the soils 
are mapped by examining the exposed cuts. This work 
is supplemented by borings. 

3. A notation is made of the direction of surface 
drainage with respect to the proposed roadway. 

4, The data obtained from the borings is plotted on 
the prepared profile sheet. On this sheet are indicated 
the limits of the several types and layers, the relative 
moisture content at various depths, and the location of 
culverts and drains. 

5. In a separate notebook the field characteristics of 
each layer are described according to the nomenclature 
prepared by the committee on terminology. The 
relative imperviousness or porosity of each layer is 
indicated. 

6. From each layer and type encountered at least a 
2-pound sample of soil is taken for laboratory classifica- 
tion. <A sufficient number of samples should be ob- 
tained to determine the range in test results for what 
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appears to be the same layer. These samples are placed 
in canvas bags, tied securely, marked with station 
number and layer, and shipped to the laboratory. The 
boring of more than one hole may be necessary to 
obtain the required sample. 

7. Recommendations regarding the design of the 
road surface are made on the basis of the known behav- 
ior of pavements for which the conditions of soil, cli- 
mate and topography are similar. 

8. After the road is graded, a final check is made on 
the soil as exposed by grading operations. 

The final form of a subgrade survey sheet submitted 
to the engineer in charge of design is included in 
Appendix B of this report. 
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TERMS IDENTIFYING SOILS IN THE PROFILE 
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The following terms ! are among those used in describing the 
various layers of the soil profile. They definitely identify the 
field characteristics of the soil material as found in its natural 
state. In the compilation of these terms the report of the com- 
mittee on terminology of the American Soil Survey Association 
was largely used. 





1 The terms describing structure, consistency, compactness, cementation, and 
chemical composition have not yet been standardized, nor have they been adopted 
by the division of soil survey, Bureau of Chemistry and Soils. They may be con- 
sidered tentative and approximate. More accurate definitions are not yet available. 


TEXTURE 


Texture is a term indicating the size of the individual soil 
grains or particles and the proportions of material of each size 
present in any given case. 

As the soil is usually made up of particles of widely varying 
size, the textural terms express the average effect or the combined 
effect of all these grain sizes. They may indicate the predomi- 
nance (in quantity or in textural effect) of a certain group of 
grains. 

Texture is determined by mechanical analysis, a laboratory 
process of separating the soil into groups of grain sizes. The 
system of mechanical analysis used by the Bureau of Chemistry 
and Soils separates the soil material into seven grain sizes or 
“separates’’ having the following sizes and names: 

2 to 1 millimeter, fine gravel. 

1 to 0.5 millimeter, coarse sand. 

0.5 to 0.25 millimeter, sand. 

0.25 to 0.10 millimeter, fine sand. 

0.10 to 0.05 millimeter, very fine sand. 
0.05 to 0.005 millimeter, silt. 

Below 0.005 millimeter, clay. 

In the following paragraphs are given the proportions of certain 
of the grain sizes found in the major soil textures: 

Sands contain less than 20 per cent of silt and clay. 
coarse, fine, and very fine sands.) 

Sandy loams contain from 20 per cent to 50 per cent of silt and 
clay but do not have over 15 per cent of clay. (Include coarse, 
fine, and very fine sandy loams.) 

Loams have more than 50 per cent of silt and clay combined 
ay have less than 50 per cent of silt and less than 20 per cent of 
clay. 

Silt loams have more than 50 per cent of silt and less than 20 
per cent of clay. 

Clay loams have more than 50 per cent of silt and clay com- 
bined but less than 50 per cent of silt and between 20 per cent 
and 30 per cent of clay. (Include sandy clay loams, clay 
loams, and silty clay loams.) 

Clays have more than 50 per cent of silt and clay combined 
and more than 30 per cent of clay. (Include sandy clays and 
silty clays.) ; 

In the field texture is determined by the feel of the soil mass 
when rubbed between the fingers. 
the obvious physical characteristics of the basic textural groups: 

Sand.—Sand is loose and granular. The individual grains can 
readily be seen or felt. Squeezed in the hand when dry it will 
fall apart when the pressure is released. Squeezed when moist, 
it will form a cast, but will crumble when touched. 


(Inelude 


Sandy loam.—A sandy loam is a soil containing much sand. 


but having enough silt and clay to make it somewhat coherent. 
The individual sand grains can readily be seen and felt. Squeezed 
when dry, it will form a cast which will readily fall apart, but if 
squeezed when moist a cast can be formed that will bear careful 
handling without breaking. 

Sands and sandy loams are classed as coarse, medium, fine, 
or very fine, depending on the proportion of the different sized 
particles that are present. 

Loam.—A loam is a soil having a relatively even mixture of 
the different grades of sand and of silt and clay. It is mellow 
with a somewhat gritty feel, yet fairly smooth and slightly 
plastic. Squeezed when dry, it will form a cast that will bear 
careful handling, while the cast formed by squeezing the moist 
soil can be handled freely without breaking. 

Silt loam.—A silt loam is a soil having a moderate amount of 
the fine grades of sand and only a small amount of clay, over 
half of the particles being of the size called ‘“‘silt.”” When dry 
it-may appear quite cloddy, but the lumps can be readily broken, 
and when pulverized it feels soft and floury. When wet the soil 
readily runs together and puddles. Hither dry or moist it will 
form casts that can be freely handled without breaking. If 
squeezed between thumb and finger it will not ‘‘ribbon” but will 
give a broken appearance. 

Clay loam.—A clay loam is a fine-textured soil which breaks 
into clods or lumps that are hard when dry. When the moist 
soil is pinched between the thumb and finger it will form a thin 
ribbon which will break readily, barely sustaining its own weight. 
The moist soil is plastic and will form a cast that will bear much 
handling. When kneaded in the hand it does not crumble 
readily but tends to work into a heavy compact mass. 

Clay.—A clay is a fine-textured soil that forms very hard 
lumps or clods when dry. When the moist soil is pinched out 
between the thumb and fingers it will form a long, flexible 
ribbon. 

Gravelly or stony soils—All of the above classes of soils, if 
mixed with a considerable amount of gravel or stone, may be 
classed as gravelly sandy loams, gravelly clays, etc., as stony 
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sandy loams, stony loams, etc., or as sandy clay loams, sandy 
clays, etc. 

Floury.—Fine-textured soil consisting predominantly of silt 
(or flocculated clay with aggregates of silt size) which when 
dry is incoherent, smooth, and dust-like. 

Gritty —Containing a sufficient amount of angular grains of 
coarse sand or fine gravel, so that these dominate the ‘‘feel.”’ 
Usually applied to medium-textured soils (loams) where the 
actual quantity of these coarse grains is rather small. 

Heavy (textured).—Applied to soils of fine texture in which 
clay predominates, with dense structure and firm to compact 
consistency. The term is also applied to soils containing a 
somewhat higher proportion of the finer separates than is typical 
of that textural class (as a “‘heavy sandy loam’’). 

Light (textured).—Applied to soils of coarse to medium texture 
with very low silt and clay content, incoherent, single-grained 
structure, and loose consistency. The term is also applied to 
soils containing somewhat higher proportions of the coarser 
separates than is typical of that textural class (as a “‘light loam’’). 

Sharp.—Containing angular particles in sufficient amount to 
dominate the ‘‘feel.”’ Abrasive. 

Smooth.— Containing well-rounded coarser particles and a pre- 
dominance of the finer separates. Not abrasive. 


COLOR 


In order to recognize the same soil in some other locality, the 
color should be clearly stated. This statement should give the 
range of color included, for classification purposes. By range 
of color is meant such terms as black or dark brown, brown to 
reddish brown, etc. The color may indicate the drainage con- 
ditions under which the soil was formed and the chemical com- 
position of the soil. 

In using such terms as grayish brown, brownish gray, etc., the 
adjective is recognized as a modifying term. The grayish brown 
soil is a brown soil with a grayish cast sufficiently noticeable to 
require recognition; the brownish gray soil is a gray soil with a 
brown cast. 

Other color terms are as follows: 

Mottled.—The presence of spots, streaks, or splotches of one 
or more colors in a soil mass of another predominant color. In 
mottled soils the colors are not mixed and blended, but each is 
more or less distinct in the general ground color. In color 
descriptions the ground color and the color of the included spots 
should be designated. Mottling is usually but not necessarily 
associated with poor drainage. ‘The use of the term should not 
be confined to poorly drained soils but should be applied wher- 
ever the term fits. 

Marbled.—The presence of two or more distinct colors in 
approximately equal amounts not blended but more or less 
mixed in occurrence in the soil mass. In a marbled soil there is 
no general or predominant color, as in the case of a mottled soil. 

Spotted, speckled, streaked, vartegated—Such terms can be 
used when their generally accepted meaning describes the color 
distributions that occur in the soils. 


STRUCTURE 


The term ‘‘soil structure”? expresses the arrangement of the 
individual grains and aggregates that make up the soil mass. 
The structure may refer to the natural arrangement of the soil 
when in place and undisturbed (as structural profile) or to the 
soil at any degree of disturbance. ‘The terms used indicate the 
character of the arrangement, the general shape and the size of 
the aggregates, and in some cases may indicate the consistency 
of those aggregates. 

Adobe structure-—This term describes a soil which on drying 
cracks and breaks into irregular but roughly cubical blocks. 
The cracks are usually wide and deep and the blocks are from 
20 to 50 or more centimeters across. (Adobe soils are usually 
heavy-textured and high in content of colloidal clay.) 

Amorphous structure.—A soil of fine texture having a massive 
or uniform arrangement of particles throughout the horizon. 
Structureless. Found only in soils of finest texture, where 
individual grains can not be recognized. 

Clod (or cloddy) structure.—Aggregates of irregular, angular 
shape, usually 4 centimeters or more in diameter and of a hard 
consistency. 

Fine cloddy structure-—When most of the clods are close to 
the minimum size. 

Coarse cloddy structure.-—When most of the clods are 10 centi- 
meters or more in diameter. 

Columnar structure.—A natural arrangement of the soil mass 
in more or less regular columns separated by vertical cleavage 
lines, and usually broken by horizontal cracks into sections with 
longer vertical than horizontal axes, the tops of the columns 
being rounded. 





Prismatic columnar structure-—Term used when the sections 
are very regular in size, straight-sided, with the vertical axes 
much longer than the horizontal axes and the tops of the 
columns flat. 

Crumb structure—Porous aggregates of irregular shape, rarely 
over 2 centimeters in diameter and of a medium to soft con- 
sistency. 

Fine crumb structure.—Crumbs 5 millimeters or less in diameter. 

Coarse crumb structure-—Crumbs 2 centimeters or more in 
diameter. 

Crust (or crusted) structure -—This term is used where the upper 
or surface horizon coheres into plate or crust distinct from the 
horizon immediately below it. 

Crust-mulch structure—An arrangement where a surface crust 
is underlain by a horizon of loose, incoherent particles of mealy, 
crumb, or granular structure. 

Fluffy structure-—A surface condition where the aggregates are 
loose, of light weight and fine texture, with no cohesion or evi- 
dence of arrangement; floury. 

Dense structure—Having a minimum of pore space and an 
absence of any large pores or cracks. Approaching amorphous. 

Granular structure-—Agegregates varying in size to 2 centi- 
meters in diameter, of medium consistency, and more or less 
subangular or rounded in shape. 

Fine granular structure-—Aggregates 
diameter. 

Coarse granular structure—Aggregates close to maximum size. 

Honeycomb structure.—A natural arrangement of the soil mass 
in more or less regular five or six sided sections separated by 
narrow or hairline cracks. Usually found as a surface structure 
or arrangement. 

Hardpan.—An horizon of accumulation that has been thor- 
oughly cemented to an indurated, rock-like layer that will not 
soften when wet. The term hardpan is not properly applied to 
hard clay layers that are not cemented, nor to those layers that 
may seem indurated when dry but which soften and lose their 
rock-like character when soaked in water. The true hardpan is 
cemented by materials that are not readily soluble, and is a hard 
layer that definitely and permanently (in nature) limits down- 
ward movement of roots and water. 

Clay pan.—An horizon of accumulation or a stratum of stiff, 
compact, and relatively impervious clay. ‘The clay pan is not 
cemented, and if immersed in water can be worked to a soft mass. 
Its presence may interfere with water movement or root develop- 
ment the same as a true hardpan. It is more difficult to over- 
come, for, whereas a hardpan can be shattered by explosives, the 
clay pan, after breaking by any means, will run together and 
re-form as soon as thoroughly wetted. The distinction between 
hardpan and clay pan is an important one in the soil classification. 

Laminated structure —An arrangement of the soil mass in very 
thin plates or layers, less than 1 millimeter in thickness, lying 
horizontal or parallel to the soil surface. Usually medium to 
soft consistency. 

Massive structure —A soil mass showing no evidence of any 
distinct arrangement of the soil particles. Structureless. May 
be found in soils of any structure. 

Mealy structure.—A crumb-like structure in which the aggre- 
gates are of soft to very soft consistency and usually less than 5 
millimeters in diameter. 

Nut structure—Compact aggregates, more or less rounded in 
shape, of hard to medium consistency, and from one-half to 4 
centimeters in diameter. 

Fine nut structure—Aggregates below 1 centimeter in diam- 
eter. 

Coarse nut structure.—Aggregates over 3 centimeters in diam- 
eter. 

Plate (or platy) structure—An arrangement of the soil mass in 
plates or layers 1 to 5 millimeters or more in thickness, lying 
horizontal or parallel to the soil surface. Usually medium to 
hard consistency. 

Single-grained structure.—An incoherent condition of the soil 
mass with no arrangement of the individual particles into aggre- 
gates. Structureless. Usually found in soils of coarse texture. 

Structureless—Without any discernible structure or arrange- 
ment of the soil particles into aggregates. This condition is 
better expressed by the terms single-grained, massive, amor- 
phous, ete. 

Vesicular structure.—A soil horizon or soil aggregate containing 
many small rounded cavities smooth on the inside as though 
formed by gas bubbles. 


under 5 millimeters 


CONSISTENCY 


“Soil consistency” is a term expressing the degree of cohesion 
of the soil particles and the resistance offered to forces tending 
to deform or rupture the aggregates. Consistency and structure 
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are closely related and frequently interdependent. The terms 
expressing consistency and structure are distinct, however, and 
need not be confused or used with double meaning. A study of 
published reports shows a general use of terms expressing both 
the consistency and the structure in nearly all soil descriptions. 

Brittle—A soil which when dry will break with a sharp, clean 
fracture. If struck a sharp blow, it will shatter into cleanly 
broken hard fragments. 

Mellow.—Soil particles or aggregates are weakly adhered in a 
rather porous mass, readily yielding to forces causing rupture. 
A consistency softer than friable. Without tendency to pack. 

Plastic—Readily deformed without rupture. Pliable but 
cohesive. Can be readily molded. Puttylike. This term 
applies to those soils in which at certain stages of moisture the 
grains will readily slip over each other without the mass cracking 
or breaking apart. 

Soft.—Yielding readily to any force causing rupture or defor- 
mation. Aggregates readily crushed between fingers. 

Sticky.—Applied to soils showing a decided tendency when 
wet to adhere to other materials and foreign objects. 

Firm.—Resistant to forces tending to produce rupture or 
deformation. Moderately hard. Aggregates can be broken 
between fingers. 

Friable-—Aggregates 
application of moderate force. 
crumb or granular structure. 

Hard.—Resistant to forces tending to cause rupture or defor- 
mation. Difficult or impossible to crush aggregates with fingers 
only. 

Tenacious.—Soils showing a decided resistance to rupture. 
Soil mass adheres firmly. 

The terms “sticky” and “‘tenacious” are often used as syno- 
nyms, but in soil usage the former is taken to refer to adhesion, 
the latter to cohesion. Both terms may be applicable to a soil 
at the same time. 

Stiff—Resistant to rupture or deformation. A soil stratum 
or horizon that is firm and tenacious, and tending toward imper- 
viousness. Usually applied to condition of the soil in place and 
when moderately wet. 

Tight.—A stratum or horizon that is compact, impervious and 
tenacious, and usually plastic. ‘ 

Tough.—Resistant to rupture. Tenacious. A stratum or 
horizon that can be readily bored into with the auger but which 
pe tehe much force in breaking loose and pulling out the core 
of soil. 


readily ruptured. and crushed with 
Easily pulverized or reduced to 








COMPACTNESS 


Compactness is the degree of resistance offered by a soil to 
the penetration of a pointed instrument. 

Impervious.—Highly resistant to penetration by water and 
usually resistant to penetration by air and plant roots. Impene- 
trable. In field practice the term is applied to strata or horizons 
that are very slowly penetrated by water and that retard or re- 
strict root penetration. 

Indurated.—(See under cementation). 

Loose.—Soil particles or small aggregates are independent of 
each other or cohere very weakly with a maximum of pore space 
and a minimum resistance to forces tending to cause rupture. 

Cheesy.—Having a more or less elastic character, deforming 
considerably without rupture, yet broken without difficulty or 
the application of much force. (Characteristic of certain highly 
colloidal soils when thoroughly wet.) 

Compact.—The soil packed together in a dense, firm mass, 
but without any cementation. Noticeably resistant to forces 
tending to cause rupture or deformation. Coherent. Hard. 

Relative degree of compactness may be expressed by terms as 
slightly compact, very compact, etc. 


CEMENTATION 


Cemeniation.—A condition occurring when the soil grains or 
aggregates are caused to adhere firmly and are bound together 
by some material that acts as a cementing agent (as colloidal 
clay, iron or aluminum hydrates, lime carbonate, etce.). 

The degree of cementation or the persistence of the cementa- 
tion when the soil is wetted should be stated. Some terms indi- 
cate the permanence, as ‘indurated,’ “hardpan,” etc. 

Firmly cemented—Cementing material of considerable strength 
requiring considerable force to rupture the mass. Usually 
Neer with clean though irregular fractures, into hard frag- 
ments. 

Indurated—Cemented into a very hard mass which will not 
soften or lose its firmness when wet, and which requires much 
force to cause breakage. Rock-like. 


Weakly cemented—Term applied when cementing material is 
not strong, and the aggregates can be readily broken into frag- 
ments with a more or less clean fracture. 

Softly cemented—Term applied when cementing material is 
not strong nor evenly diffused throughout the mass. Aggre- 
gates are readily crushed, but do not break with a clean fracture. 


CHEMICAL COMPOSITION 


Peat soil—Composed predominantly of organic material, 
highly fibrous, with easily recognized plant remains. 

Muck soil—Composed of thoroughly decomposed black 
organic material, with a considerable amount of mineral soil 
material, finely divided and with a few fibrous remains. 

Leaf mold—The accumulation on the soil surface of more or 
less decomposed organic remains, usually the leaves of trees 
and remains of herbaceous plants. The A horizon. 

Alkaline soil—aA soil containing an excessive amount of the 
alkaline (in true chemical sense) salts. 

Saline soil—A soil containing excessive amounts of the neu- 
tral or non-alkaline salts. 

Calcareous soil.—A soil containing sufficient calcium carbonate 
to effervesce when tested with weak (N/10) hydrochloric acid. 
Depending on the amounts present, these soils may be desig- 
nated as slightly calcareous, strongly calcareous, ete. 

Acid soil—A soil which is deficient in available bases, parti- 
cularly calcium, and which gives an acid reaction when tested by 
standard methods. Field tests are made by the use of litmus, 
of Soiltex, and of other indicators. There is no full agreement 
on the most satisfactory test for acidity or as to the actual 
character of an acid soil. The intensity or degree of acidity 
may be expressed by qualifying words, ‘‘strongly,’’ ‘‘moder- 
ately,’”’ etc. 


APPENDIX B 


SAMPLE REPORT OF A SUBGRADE SURVEY OF A ROAD IN SERVICE 
ROAD DESCRIPTION 


Designation.—United States Highway No. 51, Federal aid 
project 82—A, situated two miles south of Jackson, Hinds County, 
Miss. 

Date constructed.—1927. 

Width. Roadway, 26 feet; pavement, 18 feet. 

Pavement thickness —Seven inches at the edges and 6 inches at 
the center, stations 974-00 to 108+88; 9 inches at the edges and 
6 inches at the center, stations 108+ 88 to 112+ 50. 

Joints —One-half inch transverse expansion joints spaced 
about 30 feet apart, stations 97+-00 to 108+88; tongue-and- 
groove longitudinal center joint with metal center strip and %- 
inch transverse expansion joints spaced about 50 feet apart, 
stations 108+88 to 112+50. 

SUA Aaa Gurney fabric placed 2 inches from the top of 
the slab. 

Concrete design.—One part Portland cement, 2 parts local sand, 
and 3 parts local gravel. 

Curing.—Two per cent calcium chloride admixture. 

Compressive strength of concrete-—Average of sixteen 6 by 12 
inch cylinders tested at the end of 28 days equaled 3,230 pounds 
per square inch. 

Drainage.—Eight-inch bell-and-spigot concrete drain placed 
in west ditch at a depth of 3 feet below subgrade elevation. 
Trench is back filled with washed gravel as shown in Figure 1. 

Reasons for survey —(a) To determine if the detrimental dis- 
tortion suffered by an appreciable number of the pavement 
slabs comprising this project was related to the subgrade, and 
(b) to determine what precautions might be taken to prevent this 
type of failure from occurring in pavements laid on similar 
subgrades in the future. 

Cooperating agencies—The Mississippi State Highway De- 
partment and the Portland Cement Association. 


DATA FURNISHED BY THE SURVEY 


The soil profile-—The profile consists of five layers designated 
as layer 1, layer 3, layer 5, layer 6, and layer 7, shown in Figure 1. 

Layer 1, averaging about 18 inches in thickness, consists of a 
light brown to reddish or grayish brown mellow silt loam of fine 
crumb structure containing both black and brown iron con- 
cretions. The grayish brown color becomes rather pronounced 
in the lower 10 inches of layer 1 where it grades into layer 3. 

Layer 1 soil is friable when dry, has a pasty consistency when 
wet, and according to Table 2, it has characteristics similar to 
those of the plastic varieties of the group A—4 subgrades. 
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Layer 3 grades from layer 1 into a brown and gray mottled 
silty clay loam or silty clay of moderately compact structure. 
The upper 10 inches of layer 3 is a transition from layer 1, but is 
much more dense and compact. This compactness increases 
with increasing depth until at about 5% feet layer 3 has a higher 
moisture content and grades into the angular-structured layer 5. 

The soil of layer 3 is friable when dry and very plastic when 
wet and is permeable regardless of its compactness. Bank 
erosion, shown in Figure 2, causes the soil of layer 3 to be fissured 
and to assume the form of pinnacles upon drying. According to 
Table 2, layer 3 consists of a more plastic variety of the Group 
A-4 subgrade than layer 1. 

Layer 3, like layer 1, contains dark-brown and black concre- 
tions in large amounts. 





Figure 2.—Erosion oF Back Stopes 18 VerY IRREGULAR 
ANDTHERE IS CONSIDERABLE SLOUGHING OF MATERIAL 
INTO DITCHES 


TABLE 1.— Mechanical analyses of soils found in soil profile 





Percentage of particles having diameters smaller than— 
Identifica- 








tion No. Layer 

2mm. | 0.6mm. | 0.25 mm. | 0.05 mm. |0.005 mm.|0.001 mm. 
| eee Ae 1 100 98 97 86 23 12 
Zig eee ee 3 100 97 95 93 27 15 
jou ace 5 98 92 89 89 36 16 
eee Se 6 100 100 99 81 43 17 
eae eat. Bl 7 100 100 97 93 72 47 
(be pe 5 100 100 99 98 74 (4) 
(ae Fa 26,6, 7 100 100 99 92 (1). ah ae ee oe 
Ose) oe 2 5,6, 7 100 98 97 91 (ya ee ee 
1 eS 275),65.1 100 98 97 90 (i= 








1 Flocculated. 





TABLE 2.—Physical characteristics of particles passing the 0.6 
millimeter sieve 





























eae Moisture 
Shrinkage equivalent 
Identification F Liquid | Plastic 
No, Layer limit | index Group 
AED -. | Centri- : 
Limit | Ratio fuge Field 
Per Per Per Per, Per 
cent cent cent cent cent 
eee et Eee 1 39 17 20 1.8 31 31 A+ 
Deke ae Ee 3 45 22 22 UB 37 35 A-4 
ee ee ek 5 50 33 12 2.0 150 34 A-6 
a= eee 6 85 51 12 2.0 198 52 A-7 
See en ape eae 7 112 (is ll 2.0 1125 71 A-7 
( ee BE 5 98 64 12 2.0 198 59 A-7 
Boe eee 2 5, 6, 7 102 67 12 1.9 1101 70 A-7 
OF eee, ae 2°5) 65.7 104 72 13 2.0 192 60 A-7 
1QES<c ere- 2 5, 6, 7 76 44 12 1.9 195 59 A-7 
1 Water-logged. 2 Fill. 


Layer 5 consists of brown and gray mottled heavy, plastic, 
sticky clay, with well-defined particles of angular structure 
about one-eighth inch in diameter or larger, which have a wet, 
shiny, and slick surface. This layer is very much wetter than 
overlying zones, is open-structured, and permits the movément 
of water. In some portions of layer 5 bright red mottlings are 
found. According to Table 2, the soil of this layer has char- 
acteristics common to the highly plastic varieties of the Group 
A-6 subgrades (sample 3), but when calcium compounds are 
present in appreciable amounts (sample 7), it exhibits character- 
istics similar to those of the Group A-7 subgrades. 

Layer 6 grades from layer 5, at a depth of about 9 feet below 
the ground surface, into a very sticky plastic clay, bluish gray 
in color, mottled with brown. As shown in Figure 3 it exists in 
the face of cuts as slick and shiny angular particles or clods, 
Y% inch to 2 inches in the longest dimension. These clods, the 
larger of which are dense and have a fibrous structure, are similar 
to putty in consistency and are easily crushed. Water moves 
through this layer at a rate much slower than it moves through 
layer 5. The characteristics of the soil of this layer are similar 
to those of the Group A-7 subgrades. 

Layer 7, at a depth of about 10 or 11 feet below the ground 
surface, grades gradually from layer 6 into a bluish gray, sticky, 
plastic and very dense indurated clay containing both black and 
brown stains. In cut faces this material, similar to that of layer 
6, exists as clods or chunks, fibrous in structure and easily crushed. 
The soil of layer 71s impervious, holds absorbed water tenaciously, 
shrinks in appreciable amount when dried, slakes readily in the 
presence of water and exhibits characteristics generally indica- 
tive of the Group A-7 subgrades. 





FigurE 3—Ricut Bank at Station 105+16 Suowine 
STRUCTURE OF LAYER 6 MATERIAL, AND SLOUGHED MatTrE- 
RIAL ON SURFACE 


The soils of layers 5, 6, and 7 effervesce strongly when treated 
with dilute hydrochloric acid, thus indicating the presence of lime 
in appreciable amount. 

Condition of shoulders and banks.—The shoulders are very soft 
and badly rutted as shown in Figure 4, at those locations where 
the road traverses the clays of layers 5, 6, and 7. In the same 
locations the back slopes are badly eroded (see Figure 2) and after 
rains are apt to slide and clog the side ditches. 

Condition of pavement.—Typical pavement condition with 
respect to both slab distortion and cracking is disclosed by Fig- 
ure 5 and Tables 38, 4, and 5. 

The longitudinal warp referred to in Table 3 is defined as the 
difference between the average elevation of the ends of the slab 
and the elevation at a point midway between the ends of the 
slab measured at the center line. Corrections were made for 
vertical curvature. 

The transverse warp referred to in Table 4 is defined as the 
present crown of the pavement at the transverse joints subtracted 
from the original which, exclusive of superelevated curves, was 
assumed to be 2 inches. 

Warp, either transverse or longitudinal less than 0.03 ft. is 
neither shown on Figure 1 nor included in the computation of the 
averages in Tables 3 and 4. The apparent bumps appearing in 
the pavement at the transverse joints and caused by the distor- 
tion of the slabs longitudinally is illustrated in Figure 4. An 
ata of the longitudinal and transverse cracking is given in 

able 5. 
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TABLE 3.—Longitudinal warp on center line 





















































Re Maxi- aes Hy oe Per- | Aver- AYer- 
. Tota E ota er of | centage] age! age 

Layer Length warp tea slabs | slabs |ofslabs| warp | warp 
PD warped] warped|per slab|per slab 

Feet Feet Feet Feet Feet 
PED er wees Aas a 497 1. 50 0.18 16 13 81 0. 12 0. 09 
MAOr tp Pile sane 664 97 .10 yal 16 76 . 06 . 05 
StI Tes pe eae ea 311 . 04 . 04 6 1 Lz . 04 . Ol 

1 Based on number of slabs warped. 8 Center-joint section. 
? Based on total number of slabs. 
TaBLe 4.—T'ransverse warp from center line 

Number Total | Maximum | Average 

Layer of joints warp warp warp 

Feet Feet Feet 
ty Wy Yes St oe ee ss Se ee eee 16 3. 03 0. 23 0.19 
5G PARLE See Gee Dee see eee eee 23 2. 78 pate; 12 
LOLS Sc A Bat Te ae ope ee ee 5 . 64 oid 13 
1 Center-joint section. 
TaBuE 5.—Longitudinal and transverse cracking 
Transverse Londitudinat 
Num- 
Layer Length| ber of SAE | Oe 
joints |Num- g age Per | Length 
ber | Length ee slab | /ensth! cent |per slab 
length 

Feet Feet Feet Feet Feet Feet 
iS Ay a 497 16 8 147 9 21 225 45 14 
Dri, 75 til... 650 21 5 89 4 25 269 41 13 
Aj: eS eee ee 311 6 9 162 27 i apes eeeeen Fe IES ee 
(iS 2 ee Spibege 51 1 3 58 58 1139) | ee ae ee 














Figure 4.—SHOULDERS ARE RutTTEepD To A DeptH or 4 
INcHES BELOW BorrTom OF SLAB 


SUMMARY 


The results obtained from the survey may be summarized as 
follows: 

1. Distortion both longitudinal and transverse occurred in 
greatest amount in the pavement slabs 18 feet wide and about 
30 feet long laid on soil layers 5, 6, and 7 when in cut, and 
in but slightly less amount in similar slabs laid on mixtures of 
layers 5, 6, and 7 used in fills. 

2. The slabs containing a center joint and transverse joints 
spaced about 50 feet apart laid primarily on layers 1 and 3 


suffered warping in very much less amount than the slabs about 
30 feet long laid on layers 5, 6, and 7. 

3. The slabs of another pavement (18 feet wide and about 30 
feet long) separated from layers 5, 6, and 7 of these soils by sev- 
eral feet of good top soil did not suffer distortion in detrimental 
amount. 

4. Longitudinal cracks occurred only in those slabs constructed 
without center joint, and were either short cracks beginning at 
expansion joints or cracks extending throughout the lengths of 
the slabs. In every case, however, the longitudinal cracks 
were situated above dow els extending across the transverse 
joints. In many instances a longitudinal crack was found over 
one dowel on one side of a joint and over the next dowel on the 
other side of the joint. 








FicurE 5——WaARPED SLABS. TRANSVERSE JOINTS ARE 
MarKED WITH STICKS 


5. More transverse cracks occured in the slabs about 50 feet 
long than in the slabs 30 feet long. The greatest concentration 
of combined longitudinal and transverse cracking occured in the 
slabs without center joint laid in cut on a subgrade consisting of 
either layer 7 or a combination of layers 6, and 7. (See 
station 104+ 50 to station 106+ 50, Figure 1.) 

6. Longitudinal cracking was not important in the slabs 
which warped in greatest amount. Even at several joints 
where the slabs had faulted in amounts equal to as much as 2 
inches no cracks occurred above the dowels. 

7. Neither the longitudinal nor the transverse cracks were of 
appreciable width. This fact indicates that the mesh reinforce- 
ment has served to prevent the separation of the cracked frag- 
ments of slabs. 

8. Generally the subgrade soil was found to be in a very soft 
and wet condition. Frequently when the filler was removed 
from the expansion joints water rose quickly to the surface of the 
pavement. 

9. The drain serves to carry a large flow of water for several 
days after rains, but does not eliminate the slab movements or 
prevent the subgrade from becoming wet. 

10. The sliding of layers, 5, 6 and 7 when occurring in the face 
of cuts constitutes a serious maintenance problem. In this con- 
nection a scrutiny of records covering a period of 50 years, 
which were furnished by a railway company operating in this 
region, indicates that when used in fills the soils of these layers 
are likely to prove troublesome until the slope becomes approxi- 
mately 1:5. 


SUBGRADE SURVEY SHEET GIVING INFORMATION FOR THE DESIGN OF 
NEW ROADS 


Figure 6 is an example of the final form of survey sheet sub- 
mitted to the engineer in charge of design. This form was pre- 
pared from a survey of approximately 14 miles of graded highway 
in Mississippi. The recommendations are based on data fur- 
nished by the behavior of existing pavements on similar sub- 
grades. The location, grades and type of surfacing had already 
been established on this highway. 
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SOME OBSERVATIONS 


of efficiency in concrete road _ construction 

during the fall of 1929, the temperature dropped 
below 20° F., with the result that four regular 6 by 8 
inch concrete beams were apparently frozen through 
when they were broken 24 hours after they had been 
removed from the curing tank. A long series of ex- 
actly similar beams had previously been broken on this 
same job during the course of several months. The 
indicated modulus of rupture of these frozen beams, 
in comparison with those not frozen, was so large that 
when an opportunity arose in the summer of 1930 to 
make some further and better controlled observations 
on the modulus of rupture of frozen beams it was at 
once accepted. 

It happened that a production study was being 
conducted on the construction of a concrete road which 
passed directly by an ice-making plant with facilities 
available for storing a considerable number of beams 
and cylinders at a temperature never higher than 28° F., 
and at night as low as 25° F. Seventeen standard 
6 by 8 by 36 inch beams, comprising five sets of 3 
beams each and one 2-beam set, were therefore pre- 
pared at once. ‘These beams were all made from the 
concrete regularly used on the job and the samples for 
each set of beams were obtained in exactly the same 
manner as were the regular test beams which were 
made daily for controlling the strength and quality of 
the concrete, and for determining when the pavement 
could be opened to traffic. Each set of three beams 
for the freezing test was made from one batch of con- 
crete as it was dumped over the molds placed side by 
side on the subgrade, and in all but one case two beams 
were sooner or later placed in the cold room. In every 
case one beam from each set was kept as a control and 
cured 24 hours along the roadside under damp burlap 
and then stored under water until broken on the 
28th day. 

Since the work was carried on during midsummer, 


Ne. the close of some extensive field studies 





during the flexure tests. 'The beams were wrapped in 
ice and burlap; and the clamps of the breaking machine 
and the top of the beam were kept covered with ice 
during the progress of the breaking. Some thawing 
probably did occur, especially on the first beams tested, 
before the completion of the second break. This 
is indicated by the fact that the second break on several 
of the frozen beams gave considerably lower results 
_ than the first break. For the beams broken during the 
1930 job (job B, Table 1) the first break probably more 
ely represents the condition of a thoroughly frozen 
eam. 
Figure 1 shows clearly how each of the 17 beams of 
job B was treated in curing, and the length of time of 
each treatment. The modulus of rupture in pounds 
per square inch for each break is given in Table 1. 
The two sets of job A are those frozen during the 1929 
job. They were removed from the water on the 27th 
day; and as the outside temperature during the night 


considerable care was necessary to prevent thawing * 


ONT EESVIODUEUS OF 


RUPTURE OF FROZEN CONCRETE BEAMS 


Reported by Andrew P. Anderson, Highway Engineer, 


Division of Management, U. S. Bureau of Public Roads 


fell to about 12° F., these beams, which were stored in 
an unheated frame structure, were apparently frozen 
through when they were broken the following day. 
The third beam in each of these two sets was not made 
from the same batch, but is a representative beam 
from those broken a few days before the freeze occurred. 
All the beams on job A were broken on a multiple-lever 
field beam-breaking machine which had been used by 
the same men in breaking a large number of beams 
during the previous three months. ‘The beams on job 
B also were all broken by the same men, but on a simple 
cantilever apparatus which gave very consistent re- 
sults, of practically the same value as those given by 
the standard two-point loading in a universal testing 
machine. A good grade of gravel aggregate was used 
on both jobs. Job A was designed to give a modulus 
of rupture of about 800 pounds per square inch as com- 
pared with about 550 pounds for job B. The propor- 
tions by volume were 1:1.55:3.50 for job A and 1:2.20: 
3.98 for job B. 


TaBLE 1.—Results of modulus of rupture tests of frozen concrete 
beams and control specimens not subjected to freezing 






































JOB A 
Modulus of rupture in pounds per 
j square inch 
Set No. Beam No.| 
First Second Third 
| break break break | Average 

— | = | 
1 15 Dl geal il17.2 | eee ee 1, 162 
Reto pe ee oe eo ee 2 969 | gC DN Hal Se en 992 
3 843 86> 2.5 ete 852 
1 993 1046s a8 gees 1, 019 
DS ye ee aS a 2 1, 072 IS O46) (S535 Sees 1, 059 
3 825 COLbil et ae 803 

JOB B 

1 { 1 1, 010 S240 4 Pees 917 
= Ske as Pa a cle GE te aa 2 558 560. 511 543 
1 962 OR) [becca = 877 
ie A597 Tee I Sa ATEN 2 273 360) bes ae. cake « 315 
3 556 561 601 575 
1 1, 185 008 Rese ks 1, 095 
Sete ee eee ee eee ee oe ee | 2 545 446 504 498 
3 510 503 528 514 
| 1 665 618 757 680 
fie aS Bee Ss Pay ee a Pe pee SPS 4 2 501 430 402 444 
| 3 506 482 | 493 494 
| 1 428 510 475 471 
Oe ee erate eee 4 2 257 BO Geese ee soe 282 
| 3 597 ON pete Date 573 
| 1 440 459 434 444 
6 Fe SM a a des Se aah 4 2 404 445 433 427 
| 3 562 Basten eee sr! 545 











The apparent strength gained by the frozen beams is 
very striking—in some cases, more than 100 per cent 
above the corresponding control beam (job B, set 3). 
In but one case (job A, set 1, beam 2) is the apparent 
gain in strength imparted by complete freezing less 
than 25 per cent of the strength of the corresponding 
unfrozen beam. One of the beams (job B, set 2, No. 1) 
which was placed in the cold room but three hours after 
it was made and before it had attained its final set gave 
a surprisingly high figure for both breaks—962 and 
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BEAM STORED UNDER WATER 


BEAM FROZEN —- TEMPERATURE 28 DEGREES F.OR LOWER 


SHow1ne Curinc TREATMENT OF CONCRETE BEAMS SUBJECTED TO FREEZING AND 


CoRRESPONDING CONTROL SPECIMENS 


793 pounds per square inch. The contrast with the 
companion beam which was treated in exactly the same 
manner, except that 1t was taken from the cold room 
and left in the open summer air for about six hours 
before it was broken, is most striking, for the latter 
beam gave moduli of only 273 and 362 pounds per 
square inch for the two breaks. This would seem to 
indicate rather clearly that the concrete gained but 
little actual strength while stored in the cold room. 
On the other hand, beams 2 of job B, sets 4 and 6, 
apparently suffered only a moderate reduction in 
modulus of rupture from being alternately frozen and 
thawed after they had attained their final set. These 
beams were placed in the cold room 24 and 7 hours, 
respectively, after they were molded. Beam 1 of set 5, 
job B was stored at some distance from the freezing 
coils and appeared to be only partly frozen when broken. 

From these data it would appear that during cold 
weather a reasonable amount of care should be exer- 
cised in breaking any field beams which may form a 
criterion for establishing the time when the pavement 


can be thrown open to traffic. Unless the beams have 
been well protected, they should not be broken except 
at times when the air temperature has been well above 
the freezing point for at least five or six hours. A 
temperature of only 5° or 6° F. below the freezing point, if 
of sufficient duration, might readily freeze an exposed 
green concrete beam sufficiently to indicate a modulus 
of rupture for the frozen beam 50 per cent or more 
above what the same beam would give if broken when 
thawed. An otherwise properly cured beam will show 
a large increase in apparent strength if frozen imme- 
diately prior to breaking. This fact is shown by both 
sets of job A and set 1 of job B. These beams were 
properly cured until 24 hours prior to breaking. It is 
practically certain that the beam of job B, set 1, was 
frozen through, but it is not equally certain that this 
was the case with the beams of job A, since the tem- 
perature within the building in which the beams were 
stored may have been several degrees higher than the 
recorded outdoor temperature. To all appearances, 
however, the beams were frozen through. 
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ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS 


Applicants are urgently rquested to ask only for those publications in 
which they are particularly interested. The Department can not under- 
take to supply complete sets nor to send free more than one copy of any 
publication to any one person. The editions of some of the publications 
are necessarily limited, and when the Department’s free supply is ex- 
hausted and no funds are available for procuring additional copies, 
applicants are referred to the Superintendent of Documents, Govern- 
ment Printing Office, this city, who has them for sale at a nominal price, 
under the law of January 12, 1895. Those publications in this list, the 
Department supply of which is exhausted, can only be secured by pur- 
chase from the Superintendent of Documents, who is not authorized 
to furnish publications free. 


ANNUAL REPORTS 


Report of the Chief of the Bureau of Public Roads, 1924. 
Report of the Chief of the Bureau of Public Roads, 1925. 
Report of the Chief of the Bureau of Public Roads, 1927. 
Report of the Chief of the Bureau of Public Roads, 1928. 
Report of the Chief of the Bureau of Public Roads, 1929. 
Report of the Chief of the Bureau of Public Roads, 1930. 


DEPARTMENT BULLETINS 


No. *186D. Highway Bonds. 20e. 
*347D. Methods for the Determination of the Physical 
Properties of Road-Building Rock. 10c. 
*532D. The Expansion and Contraction of Concrete and 
Concrete Roads. 10e. 
*583D. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25c. 
*660D. Highway Cost Keeping. 10c. 
1279D. Rural Highway Mileage, Income, and Expendi- 
tures, 1921 and 1922. 
1486D. Highway Bridge Location. 
DEPARTMENT CIRCULARS 
No.  331C. Standard Specifications for Corrugated Metal Pipe 
Culverts. 
TECHNICAL BULLETIN 
No. 55T. Highway Bridge Surveys. 


SEPARATE REPRINTS FROM THE YEARBOOK 


No. 1086Y. Road Work on Farm Outlets Needs Skill and 
Right Equipment. 


MISCELLANEOUS CIRCULARS 


No. 62M. Standards Governing Plans, Specifications, Con- 
tract Forms, and Estimates for Federal-Aid 
Highway Projects. 
*93M. Direct Production Costs of Broken Stone. 25c. 


109M. Federal Legislation and Regulations Relating to 
the Improvement of Federal-Aid Roads and 
National-Forest Roads and Trails, Flood Relief, 
and Miscellaneous Matters. 


MISCELLANEOUS PUBLICATIONS 
No. 76MP. The Results of Physical Tests of Road-Building 
Rock. 


TRANSPORTATION SURVEY REPORTS 


Report of a Survey of Transportation on the State Highway 
System of Ohio. (1927) 


Report of a Survey of Transportation on the State Highways of 
Vermont. (1927) 


Report of a Survey of Transportation on the State Highways of 
New Hampshire. (1927) 


Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio. (1928) 


Report of a Survey of Transportation on the State Highways 
of Pennsylvania. (1928) 


REPRINTS FROM THE JOURNAL OF AGRICULTURAL RESEARCH 


Vol. 5, No. 17, D—-2. Effeet of Controllable Variables upon 
the Penetration Test for Asphalts and 
Asphalt Cements. 


Vol. 5, No. 19, D-3. Relation Between Properties of Hard- 
ness and Toughness of Road-Building 
Rock. 


Vol. 5, No. 24, D-— 6. A New Penetration Needle for Use in 
Testing Bituminous Materials. 


Vol. 11, No. 10, D-15. Tests of a Large-Sized Reinforced-Con- 
crete Slab Subjected to Eccentric 
Concentrated Loads. 





* Department supply exhausted. 
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